A transparent mixed alkali tellurite glass of lOLi20 lONa20-8OTe02 containing LiNb03 crystals with a di ameter of about 4,um and with the amount of about 6 mass% is prepared using an incorporation method, and LiNb03-doped tellurite glass fibers are drawn. LiNb03 particles in the fiber and bulk samples are well dis persed. The samples also have a good transparency. The mixed alkali tellurite glass with a high thermal stability against crystallization and with a high refrac tive index of n=1.98 is very suitable for incorporation of LiNb03 crystals and for LiNb03-doped fiber draw ing. This technique will be applicable for fabrications of nonlinear optical glass fibers containing various non linear optical crystals.
Introduction
Tellurium oxide (Te02)-based glasses have been considered as promising materials for use in non linear optical devices.l)-3) Komatsu et al. 4) proposed that transparent Te02-based glasses containing f er roelectric crystals are a new type of nonlinear optical glasses. The reason why Te02-based glasses are used as matrix glasses is that the refractive indices of Te02-based glasses and many ferroelectric crys tals are close, leading to low scattering losses at glass/crystal interfaces. Indeed, the present authors' group5)-5) succeeded in preparing transparent Li20 or K20-Nb205-Te02 glasses containing LiNbO3 or KNbO3 crystals with a diameter of about 10 urn us ing crystallization or incorporation process. LiNbO3, for example, is one of the most excellent f erroelec trics for second harmonic generation9) and, there fore, is a suitable model material for the study of transparent Te02-based glasses containing f erroelec trics.
In fabrication of Te02-based glasses containing fer roelectrics, selection or development of matrix glass composition is a key factor. If one can incorporate f erroelectrics into thermally stable glasses against crystallization, various shape glasses such as fibers would be prepared, leading to fabrications of non linear optical glass fibers. In this study, a mixed alka li tellurite glass of 10Li20-10Na20-8OTeO2 contain ing LiNbO3 crystals is prepared and LiNbO3-doped glass fibers are drawn, because such a mixed alkali tellurite glass shows high thermal stability against crystallization.10) The dispersion state of LiNbO3 par ticles in the bulk glass and fibers are examined.
2.
Experimental procedure T=(1-R)2e-ax (1) where a is the absorption coefficient and x is the sam ple thickness. R is the fraction of light reflected at the air/glass interface (surface), which is estimated using Fresnel formula, R=[(1-ng)/(1+ng)]2, where flg is the refractive index of glass. Since the refractive index of the matrix glass, n=1.98, is large, the scattering loss of incident light at the air/ glass interface is not negligible. The value of (1 -R)2 is 0.79 and close to the transmittance of the matrix glass as shown in Fig. 3 , meaning that the ab sorption coefficient of lOLi20-10Na20-8OTe02 glass at the wavelength (500 to 700nm in Fig. 3 ) is ex tremely small. Further, the results shown in Fig. 3 demonstrate that the scattering loss of light at the glass/LiNb03 interfaces is small, as expected from the small difference between their refractive indices, i.e., R=0.5% at a glass/LiNb03 interface. (2) where er is the relative permittivity of LiNb03-doped glasses, Er(g) is that of the matrix glass, 1.e., Er(g =21, Er(c) is that of LiNb03 crystal, Vg is the volume fraction of matrix glass, and Vc is that of remaining LiNb03 crystals in the remelted samples, As discussed by Wang et al.,1) it is of particular in terest to fabricate active tellurite glass fiber devices based on the laser action of rare earth ions in tellurite glass and/or on nonlinear optical properties of tel lurite glasses, because the high nonlinear refractive index and the low phonon energy make tellurite glass fibers uniquely suitable for nonlinear and laser applications. Indeed, Wang et al.,1) have examined physical properties of Na20-ZnO-Te02 glasses for fiber drawing and rare earth doping and fabricated tellurite glass fibers with a loss than 1 dB/m by us ing a rod-in-tube technique. The incorporation of LiNb03 or other ferroelectrics into Na20-ZnO-TeO2 glasses and their fiber drawings ability might be an interesting study. 4 . Conclusion The present study demonstrates that a mixed alka li tellurite glass of lOLi2O-1ONa2O-8OTeO2 with a high thermal stability against crystallization and with a high refractive index of n=1.98 is very suita ble for incorporation of LiNb03 crystals and for LiNb03-doped glass fiber drawing. The results ob tained in the present study would widen the potential of tellurite glasses as new nonlinear optical materi als. Further study on fiber drawings of tellurite glass es containing other ferroelectrics or excellent non linear optical materials, i.e., fiber drawing ability, crystal orientations in fibers and so on, would be desired to develop nonlinear optical fibers proposed in the present study.
